INTRODUCTION
Diabetic ketoacidosis is a medical emergency, and presentations to the acute setting are increasing. The reported incidence of diabetic ketoacidosis varies: for example, EURODIAB reported that 8·6% of patients with type 1 diabetes had been admitted with a diagnosis of DKA in the previous 12 months. It occurs in patients who have either no, or reduced, insulin production with subsequent impaired uptake of glucose within tissues. This, combined with increased production of glucose within the liver, leads to the clinical situation of DKA.
DIAGNOSIS
Diagnosis of DKA should be based on clinical history, along with the demonstration of ketonaemia, ketonuria, metabolic acidosis, and, usually, hyperglycaemia.
Hyperglycaemia is detected initially by bedside glucometer reading and/or confirmed by laboratory testing. Ketonuria is detected by urine dipstick testing. Acidosis should be confirmed initially by venous/arterial blood gas analysis or serum bicarbonate measurements. There are other clinical situations, however, that can result in ketonuria, such as starvation.
PRECIPITATING FACTORS
Diabetic ketoacidosis often occurs after a precipitating event. In a large number of cases, infection is the underlying factor in the development of DKA. However, no identifiable cause is found in 40% of cases. In younger diabetic patients in particular, non-compliance with insulin can play a major role. Other factors are listed in Table 1 . It is important to obtain an accurate history with appropriate investigation to identify any precipitant.
During periods of illness, insulin requirements increase significantly despite even minimal oral intake. As part of 'Sick Day Rules', patients are educated never to omit insulin and to seek advice and help early.
SYMPTOMS AND SIGNS
Patients normally present with thirst, polydipsia, and polyuria, although all of these need not be present to make a diagnosis. Other symptoms may include:
• Nausea and vomiting.
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Precipitant
Occurrence (%) Infections such as pneumonia or urinary tract infection.
30
Insulin errors (including noncompliance) and faulty equipment.
15
New diagnosis of type 1 diabetes.
5-15
Other stresses such as myocardial infarction, alcohol, pancreatitis, and drugs (thiazides and corticosteroids).
5
No cause identified. 40 In addition, symptoms and signs of the underlying cause may be associated, such as clinical signs of infection. In children, the diagnosis can be more difficult as they may not present with a classical picture, and this may be further complicated if the existence of diabetes was not previously diagnosed.
INVESTIGATIONS
Initial investigations are aimed at making the diagnosis. They are as follows:
• Urea and electrolytes, laboratory glucose, and venous blood gas are required initially. • Urine should be checked for ketones.
• Laboratory blood glucose should be checked hourly.
Once blood glucose is < 20 mmol/L, it is reasonable to use a point-of-care meter to monitor blood glucose. • Urea and electrolytes and bicarbonate should be closely monitored throughout treatment. • Chest X-ray, blood cultures, ECG, FBC, MSSU and viral titres should be considered to determine any underlying cause such as infection or myocardial infarction.
Amylase is often raised in the absence of pancreatitis. A leucocytosis can also be found without any underlying infection. 
GENERAL MANAGEMENT PRINCIPLES

F Fl lu ui id ds s
Once a diagnosis of DKA has been established, fluid replacement should be commenced immediately. It is recommended that 0·9% saline should be infused initially unless there is significant hypovolaemia, in which case colloid should be used to restore circulatory function. There is no evidence to suggest benefit in using 0·45% (half normal) saline and this is best avoided in management of DKA.
Dextrose should be introduced once glucose is 14 mmol/L and 0·9% saline can be used in combination, to continue rehydration.
While there will be significant fluid replacement requirements in treating DKA, faster rates of administration have been suggested as a possible cause in the development of cerebral oedema. Slower rates, on the other hand, have been associated with a more rapid correction of plasma bicarbonate. It is recommended that 1,000 ml be infused in the first hour.
More caution is needed with regard to fluid replacement in younger patients and children as they are particulary prone to cerebral oedema. It is important therefore that this group be managed in close collaboration with paediatric colleagues or in accordance with local guidelines; e.g. British Society of Paediatric Endocrinology and Diabetes.
I In ns su ul li in n
Continuous intravenous infusion of modest doses of insulin gives the most consistent beneficial results.
While there is no specific evidence that a rate of fall in glucose level greater than 5 mmol/h should be avoided, there may be an increased risk of cerebral oedema if the glucose level drops too quickly.
Any soluble insulin may be used, although human sequence insulin (e.g. Actrapid) is often specified. It is generally administered via a syringe pump (normally 50 units in 50 ml normal saline) at a concentration of 1 unit/ml and starting at 6 ml/h. The rate should be adjusted in accordance with blood glucose monitoring.
If there is likely to be a delay in commencing intravenous insulin infusion, then the intramuscular route may be used initially, but the insulin will not be absorbed when tissue perfusion is poor.
CME C Park
P Po ot ta as ss si iu um m
In DKA there will be a total body deficit of potassium, but because of acidosis and dehydration, the initial serum value can vary. Once the level is known, potassium should be added to the intravenous fluid infusion (see Table 2 ), unless the patient is anuric. Replacement should be adjusted to maintain potassium values within the normal laboratory ranges.
Under no circumstances should potassium be administered at a rate greater than 20 mmol/h.
B Bi ic ca ar rb bo on na at te e
Studies have failed to show any positive benefit from treatment with sodium bicarbonate. It may delay correction of the metabolic defects and may be associated with more hypokalaemia, hypoxia, and paradoxical cerebrospinal fluid acidosis. Treatment with sodium bicarbonate should therefore be reserved for situations of cardiogenic shock or other lactic acidgenerating conditions.
COMPLICATIONS
Aspiration pneumonia owing to gastric stasis and sepsis from intravenous lines and catheters may occur.
Thromboembolism can occur with severe hypoperfusion and dehydration.
Cerebral oedema, which is rare but frequently fatal, is the most serious complication of DKA. It typically presents within 2-24 hours of onset of treatment, with headache and deterioration in consciousness level. The pathophysiology is poorly understood, but new-onset diabetes and longer duration of DKA give increased risk. Rapid rates of fluid administration, rapid correction of blood glucose level, and the use of bicarbonate have all been associated with onset of cerebral oedema. Children and adolescents are most susceptible. Mortality is around 70%. Full recovery with no residual impairment is only 7-14%.
CONTINUING CARE
It is recommended that every patient with DKA be referred for review to some or all of the members of the diabetes team (diabetes specialist nurse, dietician, and doctor specialising in diabetes) in order to help determine the cause of DKA and to undertake diabetes education and knowledge review. Some or all of the following aspects should be considered between practitioner and patient. Continue to maintain within potassium range and monitor twice daily. The diary gives a touching account of the last two months of Simpson's life. It outlines the onset of his illness, visits from his family and friends, what books he liked read to him, and near the end, describes how his elder brother sat through the night cradling him in his arms. 'It was most touching to see the elder brother -14 years older than the younger, and who had watched his progress with such fond affection -watching by the death bed. "Oh Sandy, Sandy," uncle repeatedly said showing he knew who was beside him.' The final entry reads: 'I moistened his lips, and while the others came in his spirit passed away. No struggle -no pain.'
Simpson's contribution to medicine made him one of the most famous men of his time, receiving honours from all over the world. The day of his funeral was declared a day of public mourning in Edinburgh. Many shops and businesses closed, and two thousand people followed his hearse through streets lined by over thirty thousand mourners.
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